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(54) PROCESS FOR IHE PREPARATION OF A d-VlNYLCEPHEM COMPOUND 

(57) A process for preparing 3-v!nyt-Gephem compound of the fonnula ttie process comptlsing the step of 
treating protected 3^yl<ephem derfvetive of the fbnnula (1 ) In an organic solvent in the presence of pertralogenated 
add and an organic proConte add 



OO-HN 



•OR* 



(1) 



Wherein eadi of R2 and R^ is a hydrogen atom or afytmethyi group optionally having a sutwtltuent, provided tfiat 
Rt, and R3 can not be a hydrogen atom at the same time. 
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Descrf^n 
TECHNICAL RELD 

[0001] The present frivendon relates to a pnoess for preparing a oMrir compound which is widely used as an 
antibiotic for oral application. 

BACKGROUND ART 

[00021 ceMtnir compound is mostly prepared in the form wherein at least one of amino, oxime hydroxyl and 
caiboxyl groups is protected. In the process for preparing the compound, a reaction for removing the pmtection is 
carried out In the final step, ghr&^g (6R. 7R>-3-v^^yl^xo-7H(z^2^[2-flrnino-44hiaMIyl>-24!^^ 
1-aza-5-thi£^lcydo[4,2,0]octBne>2-cart)oxyOc add (cefdinir). However, a dedsh« method has not teen established for 
deprotection of cefdinir compound having various functional groups In the molecule. For cwample. JP-6-1-49273 dis- 
closes a reaction fbr deprotection of a compound of the formula (1) wherein R^sRMl, R9sCHPh2 anisolafap^ 
add in the presence of ^herate of boron trifluoride. The disclosed method can not be industrially utBized stae ft 
produces thecontemplated oornpound in a low yield of 35% and requires a large amoM 

which is hazardous. JPiA-62-294687 describes a method for deprotection of cephem antibiatics which is ext»slvely 
completed, more specifically, a deprotection method using trffluoroacetic add in the pres&ice of anisole. The m^od, 
however, requires a large amount of trifluoroac^ add which is d^icult to industrially use for the reason that the add 
is volati]e,ciffnbersome to handle and expensive, in addition, the yield b as low as 28%. Theri^ore. the method is far 
from industrially pmper. 

[0003] Methods are known for deprotectkm of protected group (rfcaibo^ 

These m^ods inchide a method using 00% formic add as a sdvent [Chem. Phamt Bull., 30, 4545 (1 982)], a method 
wherein caifooxylic add ester is reacted wtm aluminum chloride in the presence of anisole fTetrahedron Ijett. 2793 
(1979)], and a method using phenols [J. Org. Chern., 56. 3833 (1 991 )]. The m^od using fomftic add needs expensive 
99%formicaddasa8oh^minanexcesslvely.largeamountandgivesacar1>oxyiiccorT^^ in a very low yieM since 
p -lactam derivative whidi is instable to an add decomposes in Vtte procedure for recovery and reuse. The m^hod 
using aluminum chloride in the presence of anisole not applicable to the preparation of cefdnir because of high 
addity of aluminum chloride. The rn^hod usir^ phenols is unable to cany out a reacdon in a nn^^ 
yield because cefdinir is Instable under highly addle commions as is the case with UM 

add in a large amount AD of these reactiona eventually give oefdinlr wherein the oxime gmup is made into hydroxy! 

group 80 that dn/anti isomerlzation proceeds In a large amount of protonic add and strong Ljewis add, resulting !n 

increase of inproper impurftie&. Thus these deprotection methods can not be employed. 

(0004] It has been very difficult heretofore, as described atsove, to prepare tfmcomerripiatedcM 

a high selectivity in a high yield dnoe the deprotection reaction is conducted by usual add hydrolysis in a ^-lactam 

compound. Thus, it is desired to develop an industrtaliy inexpensive and eifldent deprotection method. 

(OOOq An object of the preaem invention b to provide a iNM^ technique capable of ^fi^ 

oephemcoinpound of the fonnuta (2) ftom a protected 3-vlnyl-cephemderi^ without use of an 

expmsive reagent 

DISCtOSURE OF THE INVEfiTION 

{0006] The present invention provides a process for preparing 3-vinyl-cephem con^nd of the Ibnnula (2), the 
process comprfdng the step of treating a protected 3-vinyl«ephem derivative of the formu b (1 ) In an oiganic solvent 
in the presence of perhaiogenated add and an organic protonic add 



wherein each of Ri, R^ and R3 is a hydrogen atom or arybnethyl group optionally having a substituent, provided that 
Ri , and F|3 can not be a hydrogen atom at the same time. 




co^ (1) 
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COfeH (2) 



(00071 the present Invention, hydrogen bonding of an organic protonic acid is conducted in an organb sotvent, 

the acid Mng wealc against an amida gnMjp and amino gn>up in the alceleton of the re^ 

amoum of Girong pafhalogenated add is used in Older to etfleiently M 

compound which is instable to an add. Thereby ^becomes possfirie to prepare a highly 

h^ efficiency. The ceMinir compound can 6t^)ly exist in the refection system because the reaction employs on)y a 
required mtntmum amount of strong pertialogenated add which can contribute to the reaction. This process has andtier 
feature. Since the reaction need not use a laige amoum of add, the desired compound can be isotated f 
produd by rnerely extracting the compound dssoh^ In the organk^solyem using a requi^ amountof abasaconB- 
sponcBng to the arnourtf of the add used. Thus a process o^Mftile of preparing the oomempl^^ 
easily and inexpensively has been successfully established according to the Invention. 

[0008] Examples of the aiylmmhyt group optionally having a substltuent which group is represented by . R2 and 
RP, respecthrely are benzyl, diph«iylm^hyl, trityl, anisylmethyi and naphthytm^l which may have a substltuent. 
Examples of the substltuent are hydroxy, methyl, ethyl, teit-butyl and 8ke lower alkyl groups having 1 to 4 cartxm atoms, 
and methoxy, ethoxy and like lower alkoxy groups having 1 to 4 cait>on atoms. The (fiphenyknethyl Includes the groups 
of the type wherein a substituted or unsubstituted phenyl group Is bonded In the nnoiecule vte methylene chain or h^ero 
atom. Spedifc examples of dfphenytm^hyl groups are benzyl, p-m^hoxybenzyt, cfiphenyfmethyl. trftyl, 3,4,54rimelh- 
oxybenzyl, 3,5-dimettioxy-4-hydroxyben2yl. 2,4,6-tr1methyt)enzyt and ditolylm^hyt. 
IJ0OO9) Samples of organteprotonfe adds wfdeh can be used In the Invention include prtferabl^ 
of 3 to 5 such as formic add, acetic add, diloroeoelie add, propionic add, 2-ethylh8xa^ 

or unsubstituted tower allqflcartxxxylfe add, benzoic add, tduk: add and like substfiuted or unsubstituted aromatic 
carboxyfic adds whteh can be wMdy used. 

(00101 "Hie amount of the otganki protonic add used Is 1 to 20 mole equivalents, preferably 25 to 1 0 mole equlvalenis 
and more pr^eraMy 3 to 5 mole equivalents, per mde equivalent of the compound of the fbnnula (1 ). 
[00111 Examples of the perhalogenated add are perchtoric add, periodic add and peibromic add. The amount of 
the perhatogenated add used is equal to a catalytic annount, and is pi^ersbly 0.1 to 5 mole equivalents per ntote 
equlvalant of the compound of the formula (1). 

[D012I As to the concentration of the pe f ha i ogenated add, 60% perhalogenated add w^ 
can be used as It is. PerhalDgenaled add is usable when cfiluted to 1 0 to 50% wtth the reaction system. 
[0013] Examples of the organ to solvent which can be used in the hvention are methyl formate, ^hyl fonfnate, propyl 
formate, butyl fonnate, methyl acelate, ethyl acetate, propyl acetate, txjtyl acetate, methyl propionate, ^hyl propk>na!e 
and Oke tower alkyl esters of lower carboxyte adds, ac^one, methyl ^hyl ketone, mettiyl propyl ketone, metiiyl butyl 
ketone, metiiyl Isobutyl ketone, tfetiiyl ketone and Ske ketones, ac^onltrile, proptonitrile, butyronltrile, isobutyronitrUe, 
valeronftrUe and like nitriles, benzene, toluene, s^lene, cMorobenzene, anlsoto and tike substituted or unsubstituted 
aromatic hydrocarbons, dtohtorometiiane, chtorofomn, dichloroetiiane, trfchtoroettrane, dbromoetiune, propylen- 
edichtofkle, carbon tetrachtorkle and fflce hyd r oc ar bon haikles, pentane, h^cane, heptane, octane and aliphatic hydro- 
cartx>ns, cydopentane. cydohexane, cydoheptwa, cydoodane and Dke cydoalkanes. Pr^erred solvents are ben- 
zene, toluene, xytone, dtohtorom^ane, chlorofomi and dk:htoro^ane. These organto solverrts can be used elttter 
alone or in combinatton. These solvents may contain water when so required. The solvents way be used In an amount 
of about 2 to about 200 liters, preferably about 3 to ebout 1 00 Hteis, per Utogram of the compound of ttie fonnula (1 ). 
The reaction rnay be conducted at a ternperatured -20 to 100^, pieferBblyO to SO^'C. 

(0014) The compound of the fomiula (2) can be obtained as a sub^antially pure produd by usual extrsction or 
crystallization after completion of reaction, and d course, can be purmed by otiier methods. 

BEST MODE OF CARRYING OUT THE INVBmON 

[0015] The present invention wHI be described in worn ddail wltti rderence to ttie following examples to whtoh the 
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Invention, howev^, bnotlimfted. 
Ejcampiel 

5 [QOiq Dissolved in 10 ml of m^hytenechtoiMe was 1 g of a compound n 

(1) wherein is a hydrogen atom, R2 is a trityl group and R^b a hydrogen atom. Tothasolution were added 0.18 ml 
(3 equivalents) of 98% (wAif)fonniaacid. and 0.16 ml (1 .6 equivalents) of 60% (w/w) of perchloric add. Then the mbdure 
was reacted at 30^C for 1 hour. To the reaction miicture was added 7 ml of a saturated aqueous sohition of socfium 
bicarbonate to extract the desired product 2N hydrochloric add was added to the obtained aqueous layer to a6||ust a 

fo pH to ao. The mbeture was oooM to 0 to 3*C. One hour l^r. the prec^ltated crystals were subjected to suction 
fBtratSon and dried under reduced pressure, giving 0j59 g (yield 85%) of the contemplated oefdlnlr compound of the 
f onmila p). 

1H NMB (DMSO^y 3.32(8, 1H). 3S3(d, J=18Hz. 1H), 331(d, J=18H2. 1H). 5.16(d, a=4.BHz, 1H). S^d, J=11.7Hz. 
1H), 5^d, ^^7^H^, 1H), 5.78{dd. J=4.8. &1Hz JH), 6.64(8. 1H). 6^dd, J=11.7. 17.1Hz, 1H), 7.11(e, 2H). 9.47 
«S (d, J»8.1HZ. 1H). 113(6,1H). 

Examplea 

[D017I A reacdon was carried out in the same manner as In Example 1 using 2 dlm^hytac^amld&coordlnation 
^ crystals of p-toluene sulfonate of compound (1a), whereby a oefdmir compound of the formula (2) was produced In a 
yteldof 98%. The 1H NMR data of the obtained oefdlnlr cornpoundwere Identical 
inExamplal. 

ExBmples3to8 

25 

IPOiq The same reaction as In Example 1 was conducted with ttie exception of using dmerient solvents an^ 
the reaction time according to the sohrenl used. The results of the reaction are shown In Ta^ 



Tabiel 



Example 


organic solvent 


reaction tffne(hr) 


yield (%) 


3 


chloroform 


1 


95 


4 


benzene 


1 


94 


5 


toluene 


1 


94 


6 


xylene 


1 


92 


7 


ethyl acetate 


4 


90 


8 


butyl acetate 


4 


89 



Examples 9 to 12 

[0019] The same reaction as In Example 1 was conducted with die exception of using perchloric add In different 
oonoentratlons and a^usting the reaction time. The results of the reaction are shown i^ 

Table 2 



Example 


concentration of perchlortc add (%) 


reaction time (hr) 


yield (%) 


9 


45 


1 


96 


10 


30 


1 


95 


11 


20 


1.5 


92 


12 


10 


6 


87 



Examples 13 to 16 

[0020) ThesaniereactlonBSlnExarnplelwasconductedvviththettcceptionofuslngaddsshow^ 
of pretonic add. The results are shown In lable 3. 



4 
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Tables 



Example 


pfSlonbadd 


yidd(%1 


13 


acetic add 


95 


14 


propionic acid 


93 


15 


2-^hy(hexanoic acU 


86 


16 


benzoic add 


89 



Example 17 

(0021] The same reaction as In Example 1 was conducted with the exception of using a compound of the fomiula 
(1 b) wherdn is a trftyl gnnjp. is a tmyt cpoup and is a hydrogen 

celdlnir compound of the Ibmuiia ^ was produced In a yield of 91%. The 1H NIMR data of the obtained oddinir 
compound were Identical with those of the compound produced In Example 1 . 

Example 18 

10022] The sanfter^ntion as In Example 1 was conducted with the exception d using a compound of the fom 

(Ic) wherein R^ is a hydrogen atom, R2 is a trnyl gnM^ and r|3 is a p-rnethoxybenzyl grm^ 

(la), whereby acefdinir cornpound ol the fbmnjta ^) was pn>duced in ay^ 

cefdlnlr compound were Identical wfth those of the compound produced In Example 1. 

Exampleig 

[00231 "The same reaction as in Example 1 was conducted with the exception of using a compound of the formula 
(Id) wherein R^ Is a hydrogen atom, is a trftyl group end RP is a diphenylnrt^hyl group in place of the compound 
(la), whereby ac^dr compound of thefbnnula (2) was produced In ayield of 04%. The 1 H NMR data of the obtained 
cefdlrrir compound were Identical with those of the compound produced in Example 1. 

Example 20 

[0024] The same reaction as In Exanriple 1 was conducted wfth the exception of using a compound of the fonnuta 
(1 e) wherein R^i is a trityt group. R? is a trftyl groi^ and RP is a p-m^oxyt>e^ 

wttereby a oefifinir compound of the formula (2) was produced in a yield of 69%. The 1H NMR data of the obtained 
c^dr compound were Identical with those of the compound produced in Example 1. 

Example2l 

(0025) The same reaction as In Exanrple 1 was conducted wfth the exception of using a compound of the formula 
(If) wherein R^ is a trttyl group, R^ Is a trftyl group and R^ is a cfiphenytmethyl group In place of the compound (1a), 
whereby a celdlnir compound of the fomuita was produced in a yield of 91%. The 1H NMR data of the obtained 
c^dr compound were identical wfth those of ttie compound produced In Exantple 1. 

INDUSTRIAL APPUCABilJTY 

[0Q26| Aocordng to the present invention, a cefdnlr compound which is instable to an add can be prepared with a 
dghpurttylnahigh yield by carrying out In an organic eoNerit a sophisticated cornbination of hydrogen bonding wfth 
a weak add and deprotectlon with a strong add. using a combination of an organic protonic add in an amount required 
I6r hydrogen bonding and a small antount of perhdogenated acid. The present Invention can provide a process fbr 
preparing a cefdhircompound with industrially extreme ease wherdn post-treatment can be dmply performed due to 
a minimum amount of an add used. 



Ctehns 



1. A process for preparing 3-vinyf-cephem compound d the forrmila (2), the process » 
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protected 3-vinyKcephem derivative of the formula (1) in an organic solvent in the presence ctf pertmh^nated 
add and an orpnic protonfD add 




wherein ead) of R"*, and is a hydrogen atom or arylmettiyt group optionally having a 6iit>stituent. provided 
that R\ and can not t)e a hydrogen atom at the same time. 




«V* (2) 



2. The process according to dafm 1. wherehi the reaction uses an organic protonic add in an amount required for 
hydrogen l)onding of protected 3-vinyt'Cephem derfvative of the formula (1 ) and a small amount of perhalogenated 
add. 

3. Theprooes8aocordbigtoclaim2,whereinttteernountoftheor|^icprotonicaddusedi8lto20n^ 

per mote equivalent of the compound of ttie formula (1), and the amount of the perhalogenated add used is 0.1 
to 5 nfK>le equivalents per mole equivalent of the corrpound of the fonnuia (1). 

4. The process according to dalml.wherdn the organic protonic add isthat having pKa of 3 to 5. 

5. The process according to daim 4, wtrerein the organic protonic add is fomUc add, acetic add, chtoroaoetlc add. 
propionic add, a-^hyihexanob add, t)enzoio add or toluic add. 

6. The process aocordng to da^ 1 , vvheretn the perhalogenated add is perchloric add, periodic add or pertiromic 
add. 

7. The process according to daim 1,wherdn the arylnriethyt group optionally havir^ a si^^ 
nytrr^hyl, trityl, anisytmothyt or naphthytm^hyl. 

8. Theproces8aocordingtodaim7. wherehttiesttetituentishydnnv. aloweral^ 
atorns or a lower alicoxy group having 1 to 4 cartNm atoms. 

9. The process according to daim 7, wherein the arylmetfiyl group optionally having a substituent is t)enzyl, p-mettv 
oxyt^nzyl, diphenytmethyl. tri^, 3,4.&-trtostiioxytsenzyl, 3,5-dlmethoxH^hydroKybenzyl, 2,4,€Mrfm^hy&)en2yl, 
ditolybnetiiyl, anisylnethyl or napirthyfenettiyl. 
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